We designed this study to evaluate the incidence of incidental findings on computed tomography (CT) scan implemented as simulation for adjuvant radiotherapy in breast cancer patients and to emphasize the need for careful review of simulation CT images before planning radiotherapy. A Resident and attending radiation oncologists retrospectively reviewed the medical records and simulation CT images of 776 patients treated with adjuvant radiotherapy at Samsung Medical Center during 2008. Previously undetected abnormal findings on simulation CT images were defined as incidental findings and interpreted by diagnostic radiologist. If the incidental findings required further evaluation or follow-up, they were defined as indeterminate findings. If subsequent cancers were diagnosed according incidental findings, they were defined as malignancy-related findings. There were 81 indeterminate findings (10.8%) including thyroid nodule, solitary pulmonary nodule, mediastinal lymph node, supraclavicular or axillary lymph node. Among them, there were nine malignancy-related findings (1.3%), including four thyroid cancers, three lung metastases, one primary lung cancer, and one axillary lymph node recurrence. The incidence of incidental findings in this study was low, but some of the findings were related to malignancy.
Introduction
Breast cancer is the second most common cancer among Korean women, and the incidence rate of breast cancer has been increasing rapidly in Korea. The Korean National Cancer Screening Program recommends that women over the age of 40 should undergo mammography every 2 years (1) . Breast ultrasonography (US) is commonly used to evaluate abnormal findings seen on mammography (2, 3) . For patients with newly diagnosed breast cancer, breast magnetic resonance imaging (MRI), which has high sensitivity for detecting occult breast cancer in affected or contralateral breasts, is useful for preoperative evaluation (4, 5) . Although chest computed tomography (CT) is the most useful imaging modality for the evaluation of thoracic disease, it has few benefits for staging breast cancer and is seldom used for evaluating breast cancer (6) .
However, CT scans are essential for modern radiotherapy techniques. Simulation CT scans provide information about three-dimensional anatomy, and therefore visualizes not only tumors but also adjacent normal organs, including the lungs and heart. The CT numbers can be used to calculate the radiotherapy dose distribution within human body, which is composed with inhomogeneous tissue. The generation of dose volume histograms and exportation of verification are also possible (7, 8) . In addition, simulation CT images can serve as medical images of the thorax. Several studies have reported incidental findings on simulation CT images for adjuvant radiotherapy in patients with breast cancer. Approximately 10-20% of the patients had incidental findings, of which very few were clinically important findings (9) (10) (11) (12) .
At Samsung Medical Center, all patients who receive adjuvant radiotherapy for breast cancer also undergo simulation CT scans. In this paper, we carefully reviewed the medical records and simulation CT images of breast cancer patients to determine the incidence of incidental findings.
Materials and Methods
We conducted a retrospective study of 776 breast cancer patients who received adjuvant radiotherapy at Samsung Medical Center in 2008 (Table I ). All patients received adjuvant radiotherapy 4-6 weeks after surgery or completion of adjuvant chemotherapy. The simulation CT scans were performed 3-4 days before adjuvant radiotherapy using a 16-channel multi-detector CT (LightSpeed Ultra 16 and LightSpeed RT 16, GE Healthcare, Milwaukee, WI, USA). CT images were obtained at 120 kVp, 200-250 mA, and 5 mm slice thickness without contrast agents. All patients were positioned on a MT-350 Breastboard (TruMed Healthcare, Piarco, Trinidad and Tobago), which positions the chest wall parallel to the couch upon which the patient is lying. The ipsilateral or both arms were extended overhead. CT images were acquired from the middle of the neck to the upper abdomen, including parts of the liver and kidneys. If irradiation of the supraclavicular lymph node was indicated, patients were instructed to turn their heads toward the non-irradiated side and the CT scan was extended superiorly to the upper neck.
A resident and attending radiation oncologists retrospectively reviewed the patients' medical records and simulation CT images. Incidental findings were double-checked by chest radiologists and categorized into two groups. Previously undetected abnormal findings on CT images were defined as incidental findings and interpreted by diagnostic radiologists. If a diagnostic radiologist considered additional evaluation or follow-up to be required, the findings were defined as indeterminate findings. If subsequent cancers were diagnosed according to incidental findings, they were defined as malignancy-related findings. Previously detected findings during preoperative evaluation or benign-looking findings were excluded in this study.
Results
There were 81 indeterminate findings, including 18 thyroid nodules, 45 solitary pulmonary nodules, seven mediastinal lymph nodes, seven axillary lymph nodes and four supraclavicular lymph nodes ( Figure 1 ). Among them, there were nine malignancy-related findings, including four thyroid cancers, three lung metastases, one primary lung cancer, and one axillary lymph node metastasis (Table II, Figure 2 ).
Most abnormal findings were detected retrospectively, and subsequent cancers were diagnosed during follow-up after breast cancer treatment, except for one case. A 46-year-old woman underwent right partial mastectomy with sentinel lymph node dissection (SLND) at a community hospital. The pathology report showed a 2.0 3 1.5 3 1.5 cm invasive ductal carcinoma of the breast that was estrogen receptor-positive, progesterone receptor-negative and human epidermal growth factor receptor 2-negative. There was no metastasis in the five lymph nodes that were removed during SLND. The resection margin was clear. The patient was transferred to the Division of Hematology and Oncology of the Department of Medicine, Samsung Medical Center, for adjuvant chemotherapy. There was no evidence of metastasis in chest X-ray, liver US, or whole body bone scan. One month after the completion of four cycles of adjuvant chemotherapy with cyclophosphamide and doxorubicin, the patient was transferred to the Department of Radiation Oncology for adjuvant radiotherapy. Simulation CT scan was performed and assigned a resident in radiation oncology checked the CT images before planning radiotherapy. There was a 1 cm enlarged right axillary lymph node. US-guided fine needle aspiration of the axillary lymph node was positive for malignancy. Additional axillary lymph node dissection was performed and revealed lymph node metastasis with perinodal extension. One month after axillary lymph node dissection, the patient received adjuvant radiotherapy followed by four cycles of chemotherapy with docetaxel.
Incidental Findings on Simulation CT Images in Breast Cancer

Discussion
Since computed tomography (CT) was introduced in the 1970s, conventional two-dimensional radiotherapy using conventional simulators has been replaced by three-dimensional conformal radiation therapy using CT simulators in many fields. However, simulation CT images are not routinely interpreted by radiologists, and are reviewed primarily by radiation oncologists. findings were not malignant, and only two lesions (3%) represented additional cancer foci that altered treatment plans (9). Since then, several studies have reported 10-20% incidences of incidental findings (Table III) . In a recent Japanese study with the largest number of patients included, the incidence of previously undetected benign or malignancy-related findings was 6% (12) . Six (0.7%) of the patients, including patients with lung metastasis, bone metastasis, retroperitoneal liposarcoma, contralateral breast cancer, and two pulmonary mycobacterial infections, required changes in management.
In this study, 81 (10.4%) indeterminate findings were detected and nine (1.2%) of these were related to malignancy. These percentages were lower than found in previous studies, and may reflect the fact that the majority of East Asian breast cancer patients are younger than Western breast cancer patients. The peak ages of breast cancer in China, Japan, Korea and the USA are 45-50, 45-49, 47, and 61 years, respectively (13) .
In our study, a total of six patients were diagnosed with thyroid cancer during regular follow-up after breast cancer treatment. Among them, four had incidental thyroid nodules on simulation CT images. However, the sensitivity and positive predictive value of CT are lower in the prediction of thyroid cancer, at 49.3% and 42.5%, compared to ultrasound, at 87.0% and 100% (14) . Considering the high incidence of thyroid cancer in middle-aged women, thyroid function tests and thyroid US are recommended for patients with incidental thyroid nodules on CT simulations.
We detected axillary recurrence during simulation procedures for postoperative radiotherapy in only one patient during 2008. The patient had undergone surgery at a community hospital. According to outside medical records, there were no enlarged axillary lymph nodes before surgery. Therefore, we considered the node to represent true recurrence rather than missed during SLND. According to a meta-analysis regarding axillary recurrence in patients with negative SLND, the recurrence rate is 0.3% and the median time to lymph node recurrence is 20 months, with a range from 4 to 63 months (15) . Our patient was diagnosed with early axillary recurrence four months after surgery and we changed her treatment plan. She has been followed-up for 57 months and shows no clinical evidence of disease, except for mild arm edema.
Our study has some limitations. The CT images were retrospectively reviewed and further evaluation or and followup of incidental findings were limited. Second, simulation CT scans are of poorer image quality than diagnostic CT scans, having lower image resolution, non-enhancement, and thicker image slice thickness.
In conclusion, simulation CT scans are essential for threedimensional radiotherapy planning and offer clinical information including postoperative status of the breast and adjacent organs including the thyroid, lungs and liver. In this study, the incidence of incidental findings was low, but some were related to malignancy. Because simulation CT images are not routinely interpreted by diagnostic radiologists, radiation oncologists should be alert to incidental findings on simulation CT images. Suspicious findings should be interpreted by diagnostic radiologists, and further work up should be performed if indicated. 
